We used a single-exposure dual-energy subtraction technique with a storage-phosphor computed radiography (CR) system to evaluate various pulmonary diseases. Clinical applications of this method have been studies at our institution. In our experience, the dual-energy subtraction technique provided better visualization of pulmonary nodules, tracheobronchial abnormalities, pulmonary vascular diseases, calcification in a nodule, and rib lesions than conventional CR images did. Sing|e-exposure dual-energy subtraction images were obtained with a sandwich technique using t w o storage-phosphor imaging platas with a 1-mm-thick copper filter interleaved between the two. The front plate obtains a Iower kilovoltage image, whereas the back plate obtains a higher kilovoltage image. We can visualize soft tissue and bone images as well as unsubtracted digital images by the subtraction process. 
D
IAGNOSTIC ACCURACY in detecting pulmonary nodules was compared among conventional film-screen radiography (CFS), plain storage-phosphor radiography, and dualenergy subtraction soft-tissue image (Fig 1) . The study population consisted of 50 patients with a noncalcified pulmonary nodule 2 cm or less in diameter. The diagnosis of a solitary nodule was confirmed by surgery, and most were primary lung cancer nodules. Fifty control patients without evidence of pulmonary nodules were confirmed by computed tomography (CT) scan or serial chest radiographs.
To compare diagnostic accuracy among CFS, plain digital, and subtraction soft-tissue image, these three image sets were presented to 12 readers. Seven were experienced radiologists and 5 were residents in our department. The readers used a five-level scale to rank their confidence (1, definitely negative; 2, probably negative; 3, indeterminate; 4, probably positive; 5, definitely positive). Detectability was judged by receiver-operating characteristic (ROC) analysis.
The average ROC area of CFS was 0.893, the average ROC area of plain digital was 0.896, and the average ROC area of subtraction soft tissue image was 0.950 (Fig 2) . Dual-energy image was significantly superior to CFS and plain digital images in the detection of pulmonary nodules. We conclude that dual-energy subtraction soŸ image improved the detection of pulmonary nodules by eliminating overlying bony structures.
SCREENING FOR TRACHEOBRONCHIAL DISEASES WlTH DIGITAL STORAGE-PHOSPHOR RADIOGRAPHY
We investigated the clinical usefulness of dual-energy subtraction images in the screening of the tracheobronchial lesions. We compared the detectability of tracheobronchial abnormalities on the dual-energy soft-tissue images with that on plain unsubtracted digital images. Six observers viewed 40 images obtained in 20 normal subjects and 20 abnormal subjects. Tracheobronchial abnormalities were confirmed by bronchofiberscope. ROC analysis was also used.
The detection of tracheobronchial abnormalities on subtracted images was significantly better than that on plain digital images (Fig 3) Our results indicate that single-exposure dualenergy subtraction images improve the detection of tracheobronchial abnormalities in chest radiography. The major reason for this improvement was removal of the thoracic spine.
SINGLE DUAL-ENERGY SUBTRACTION TECHNIQUE

CLINICAL APPLICATION FOR DIAGNOSIS OF PULMONARY VASCULAR DISEASES
To evaluate the quality of pulmonary vasculature images obtained by dual-energy techniques with storage phosphor radiography, we compared the image quality of pulmonary vasculature on the dual-energy subtraction images with that on plain digital images in 25 norma[ patients and 13 patients with pulmonary vascular abnormalities such as vascular malformations, or localized decrease of pulmonary blood flow caused by central lung cancer. The differences in the quality were assessed by three chest radiologists by direct comparison as follows: (1) energy-subtraction image (ES) is significantly better than plain computed radiography (CR) image; (2) ES is slightly better than CR; (3) ES is equal to CR; and (4) CR is significantly better than ES.
In visualization of the pulmonary vesse[s of normal patients, dual-energy sofl-tissue images were equal or inferior to the original unsubtracted digital images probably because of increased noise (Fig 4A) . In the detection of some pulmonary vascular diseases, especially localized decrease of pulmonary blood flow, subtracted images resulted in improved conspicuity of involved site (Fig 4B) . We conclude that for visualizing the pulmonary vessels of normal patients, dual-energy were equal or inferior to the original unsubtracted digital images because of increased noise. However, in some pulmonary vascular diseases, subtraction images resulted in improved conspicuity of involved sites compared with that of unsubtracted images.
CALCIFICATION IN PULMONARY NODULES: DETECTION WITH DUAL-ENERGY DIGITAL RADIOGRAPHY
We compared the diagnostic accuracy of detection of calcification in pulmonary nodules among CFS, plain digital, and dual-energy subtraction bone image. Twenty-one subjects with calcification in pulmonary nodules confirmed by CT scan and 21 control subjects without calcification in pulmonary nodules were selected. Nine observers were asked to detect calcification in the nodule using a five-level scale of confidence. The detection of calcification in a nodule with dual-energy bone image processed with noise-reduction algorithms was significantly better than that on other images (Fig 5) . Dual-energy subtraction bone image processed with noise reduction algorithms provides useful information about calcification in a pulmonary nodule.
CONCLUSION
Clinical results from dual-energy imaging with a storage-phosphor CR system were promising. Dual-energy imaging provides better visualization of pulmonary nodules, tracheobronchial abnormalities, pulmonary vascular diseases, and calcification in a nodule.
